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To enter orbit the Space Shuttle bums 1.8 million liters of liquid hydrogen combined with 
0.8 million liters of liquid oxygen through three rocket engines mounted in the aft. 
NASA monitors the nitrogen-purged aft compartment for increased levels of hydrogen or 
oxygen in order to detect and determine the severity of a cryogenic fuel leak . Current 
monitoring is accomplished with a group of mass spectrometer systems located as much 
as 400 feet away from the shuttle. It can take up to 45 seconds for gas to reach the mass 
spectrometer, which precludes monitoring for leaks in the final moments before liftoff 
(the orbiter engines are started at T-00:06 seconds). 

To remedy the situation, NASA is developing a small rugged mass spectrometer to be 
used as point-sensors around the Space Shuttle. As part of this project, numerous mass 
analyzer technologies are being investigated". Presented here are the preliminary results 
for one such technology, quadrupole ion trap mass spectrometry (QITMS). A compact 

QITMS system (Figure 1) has been 
developed in-house at The University of 
Florida for monitoring trace levels of 
four primary gases: hydrogen, helium, 
oxygen and argon, all in a nitrogen 
background. Since commercially 
available QITMS systems are incapable 
of mass analysis at m/z 2, the home-built 
system is preferred for evaluation of 
QITMS technology. 

Key requirements stipulated by NASA 
for the system are shown in Table 1. 
Initial results for the system are 
presented in Table 2. The linear response of the system is illustrated in Figure 2 shown 
over three concentration decades. 


Table 1 : Key NASA requirements (Doc. # KSC-MM-4864) 


Requirements 

i 

Hydrogen 

Helium 

Oxygen 

Argon 

LOD (ppm) 

^ 25 

100 

25 

10 1 

Accuracy (% Error) 

< ±10 for eac 

i in nitrogen ! 

All requirements are for the specified gas in a nitrogen background J 




Table 2: Current performance specifications for UF QITMS 


iaoie z: 
Requirements 

v^urrciu pcuumu 
Hydrogen 

Helium 

Oxygen 

Argon 

LOD (ppm) 

26 1 

3.3 

32 

43 

1 — / Ny i-y y K K / 

Apcnrfirv (°/n Error) 

1.4 

5.4 

7.9 

3.3 

All requirements are for the specified gas in a nitrogen background 1 


Present data indicate that use of 
segmented scanning with two or 
three small mass ranges (e.g., 
m/z 1 - 5 and m/z 31 - 41) in 
conjunction with ion source and 
ion trap parameters optimized for 
the specific mass ranges provides 
for optimal performance. Further 
investigation of such optimal 
parameter settings based on 
desired m/z will be investigated. 


Additionally, future work wall 
encompass further reduction of 
total system volume. NASA is 
requesting a system size of 
33,000 cc, and while the present 
QITMS system is compact it is 
not considered miniaturized at 
the present volume of 60,500 cc. 
Since the majority of the system 
is comprised of vacuum pumps 

and RF drive electronics, these two areas will be targeted for miniaturization. 


Figure 2: Two-point calibration plot with accurate 
assignment of a third point in-between 
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